Abstract-Climate change impacts such as an increase in mean temperature, change in precipitation patterns and sea level rise are affecting regional road transportation network in Atlantic Canada. These impacts cause direct and indirect economic consequences for the network and regional economy. Currently a dynamic general equilibrium model (GEM) is being constructed. In this paper, basic principles of the GEM are discussed and the model's architecture is presented. Climate change impacts are regarded as productivity shocks, and their dynamics is analyzed on the basis of advanced time series techniques. Further these impacts will be imposed on a dynamic regional economic system expressed via our Dynamic GEM to trace their economic consequences.
I. INTRODUCTION
According to the latest 5th Intergovernmental Panel on Climate Change (IPCC) Assessment Report, the main climatic drivers in North America are temperature warming and drying trends, extreme temperature events, extreme precipitation events, damaging cyclones and rising sea level [1] . In this regard, Atlantic Canada as a part of North America represents a high risk area with respect to the climate change. Atlantic Canada is comprised of four provinces -New Brunswick, Nova Scotia, Prince Edward Island, and Newfoundland and Labrador. Over 2.3 million people live in urban areas and small communities along the coast with a span of more than 40,000 kilometers of predominantly rocky coastline [2] . Climate change impacts here include rising sea levels and temperatures, change in precipitation patterns and more frequent extreme weather events such as thunderstorms, snowfalls, hurricanes, tornados and others.
There are over 1.3 million registered passenger vehicles and over 40,000 registered trucks in Atlantic Canada. They operate on 55,000 km of provincially maintained roads and highways, including nearly 8,300 bridges. This also includes 4,700 km of National Highway System highways and intermodal linkages. These highways, connected by key ferry services, border crossings, and the Confederation Bridge, connect all communities within each province, and via the National Highway System, to points throughout the region, Canada, and the United States. Urban transit also plays an important role for travelers in municipalities in Atlantic Canada, moving over 24 million passengers a year [3] .
As a matter of fact, regional transportation network (RTN) is a part of the so-called Atlantic Gateway and Trade Corridor, which is made up of Ref. [4] "a system of major ports, international airports, key border crossings, and road and rail connections between Atlantic Canada and North America's major markets". It is a Ref. [4] "strategic, integrated, and globally competitive transportation system for international commerce to and from North America". More than $45 billion worth of goods involved in international trade moves through the Atlantic Canada Gateway and Trade Corridor annually.
Based on the above facts, it is obvious that climate change impacts imposed on the RTN can bring significant economic damage if this problem is not addressed in a timely manner. This paper presents our approach to the evaluation of economic consequences of the climate change impacts on the road RTN in Atlantic Canada.
II. CLIMATE CHANGE IMPACTS VERSUS ECONOMIC CONSEQUENCES OF THESE IMPACTS
It is necessary to distinguish between climate change impacts and their economic consequences. According to the literature review, there are four major physical or biological climate change impacts relevant to the RTN under study: 1). Sea level rise.
2). Change in precipitation patterns.
3). Increase in temperature. 4). Increase in frequency of extreme weather events.
Sea level rise can lead to flooding of transportation infrastructure and eventually to soil erosion in the area. Change in precipitation patterns can affect infrastructure and vehicles as well as their maintenance. It can also change driving conditions in the area. Increase in temperature can affect transportation infrastructure and vehicles operation. Increase in frequency of extreme weather events can affect transportation infrastructure, its maintenance as well as driving conditions. As a matter of fact, all these impacts combined affect RTN directly in terms of transportation infrastructure, associated services and operations and indirectly through the associated with RTN economic activities.
Accordingly economic consequence or what is further called economic effects of these climate change impacts on the RTN can be divided into direct and indirect. Direct economic effects are the ones associated with production of transportation services. In an economic sense, those are impacts on inputs of production and services produced by these inputs of production. In this regard, by inputs of production first of all we mean capital assets and labor. Climate change impacts directly affect transportation infrastructure and vehicles (capital assets) and labor involved in production of transportation services. As well climate change impacts affect transportation services produced by transportation capital (infrastructure and vehicles) and transportation labor. From an economic standpoint direct effects are associated with supply side of transportation.
There are two types of direct economic effects on transportation infrastructure and vehicles: (i) direct damage, and (ii) increased maintenance costs. In turn, transportation labor is affected via negative health effects.
It is also possible to identify two types of direct effects on transportation services: (i) temporary or permanent disruption of transportation services, and (ii) deterioration of the quality of transportation services.
Indirect economic effects of climate change impacts are associated with consumers of transportation services such as households and economic sectors other than transportation. Households mostly consume passenger transportation services while economic sectors mostly consume freight transportation. Decrease in production of transportation services due to climate change impacts may lead to a loss of labor income and profits in sectors other than transportation. In addition, interruption of transportation services due to climate change impacts can lead to increased travel time of all users of a transportation network. Finally, since these consumers of transportation are affected by climate change impacts directly as well, they may change their consumption and production patterns which eventually may lead to a change in their demand for transportation services. From an economic standpoint, indirect effects are associated with demand side of transportation.
Special consideration should be given to the link between climate change impacts and transport accidents. Literature on transport accidents suggests that an increase in precipitations, temperature and frequency of extreme weather events lead to an increase in the number of transport accidents. These accidents are associated with all users of a transportation network -producers of transportation and consumers of transportation -and as such should be also incorporated into our framework.
III. MODELING CLIMATE CHANGE IMPACTS ON TRANSPORTATION
Our analysis of the existing literature on economic evaluation of climate change impacts in various segments of an economic system, led us to the conclusion that dynamic general equilibrium model (GEM) is the best framework for our analysis. Ref. [5] is a seminal work in this regard followed by more recent studies [6] , [7] and [8] . These studies helped us formulate basic principles for our model as follows: 1). Both micro-and macroeconomic aspects of the RTN should be incorporated in our model 2). Modified Computable General Equilibrium Model (CGEM) is our fundamental tool since it allows us to incorporate micro-and macroeconomic dynamics as well as dynamics of climate change impacts 3). Modeling has to address the following two goals:
(i) design of the appropriate architecture to include microeconomic and macroeconomic dynamics affecting our RTN; (ii) modeling of the dynamics of climate change variables. Once both goals presented above are achieved, dynamics of the climate change variables will be imposed on the dynamics of the basic CGEM to trace economic consequences of the climate change impacts.
In this regard, the following architecture of our CGEM was constructed: Transportation module is the centerpiece of the CGEM. It consists of a system of dynamic equations for price and volume of regional transportation. These equations were obtained on the basis of Vector Autoregression estimation in statistical software package STATA using historical data. Within the module, this system produces equilibrium price of regional transportation for the RTN as a whole based on major economic determinants such as regional traffic, value added at regional hubs, overall price level, regional GDP, oil price, population and some other.
At each hub, the above price of transportation is taken as an input to define the value added produced by the hub based on this price as well as geographical and industrial characteristics. Each hub is further disaggregated with respect to major industrial consumers of transportation in that sub-region. It means that initially the value added and traffic at each hub were estimated via panel Vector Autoregression based on historical data using major economic determinants and major industrial consumers of transportation. For example, the largest consumers of transportation at Fredericton hub were identified as follows:
 Manufacturing  Forestry and logging
Further, all sectors' values added are then summed up at each hub and sent back to the transportation module along with the hub's traffic volume to determine next period equilibrium price of transportation for the RTN. This process repeats itself to produce time paths of our major economic and transportation variables associated with the RTN over time given current and expected micro-and macroeconomic conditions.
In line with the CGEM framework, eventually we receive a time path which is a set of short-run equilibria represented by the transportation module and five regional hubs. Microeconomic forces are internal in this model since they are based on the supply/demand dynamics of the regional industries/sectors while macroeconomic forces are based on external dynamics given exogenously. In other words, given initial conditions, our model replicates evolution of the RTN, driven by internal microeconomic and external macroeconomic forces, with all elements estimated on the basis of statistical analysis and historical data outside the model. Statistical analysis of the model's elements was done via comprehensive time series analysis on the basis of Vector Autoregression (VAR), panel VAR and cointegration using methodology described in detail in [9] .
The designed model was tested with the help of exogenously imposed shocks. For example, our previous analysis of climate change impacts on the RTN showed that approximately 1.5% of the traffic is lost due to these impacts. Therefore, a 1.5% negative quantity shock was imposed on the Halifax hub -one of the five regional hubs in our RTN. As a result, this negative shock led to the loss of $503.1 million in value added over first 15 years at this hub with spillover effects to the entire RTN. For example, this spillover impact on Fredericton hub was estimated as $22.29 million over first 15 years. These values give us some benchmarks for the investments into climate change mitigation measures.
In parallel, dynamics of climate variables in the region has been analyzed. Fundamental climate variables in our study are: temperature, precipitation and sea level. Some statistical work on dynamics of these variables in Canada is presented in [10] and [11] . Our analysis of climate change dynamics is based on stationary linear models widely used in time series econometrics: autoregressive moving-average (ARMA) and generalized autoregressive conditional heteroskedastic (GARCH) models with ARMA errors.
By the time of this paper, we have completed time series analysis of the regional temperature using monthly time series data for the 1871-2012 period. According to our analysis, obtained linear trend is upward sloping, which suggests that the mean monthly temperature in Atlantic Canada will be increasing during 1872-2101 period. For example, we predict that cumulative increase in mean monthly temperature at Saint John hub will amount to +3.25°C by January 2101 compared to the initial temperature level observed in January 1872, or to +1.43°C compared to the initial level of January 2000. We also found statistical evidence that the underlying data generating process of mean monthly temperatures had started to change in the mid-1950s. Eventually, we found the best-fit models to describe dynamics of temperature at various regional hubs of our RTN such as Northern New Brunswick or Edmundson-Bathurst area, Moncton, Saint John, Fredericton and Halifax. Currently we are analyzing dynamics of precipitation and sea level rise in Atlantic Canada using the same methodology.
With respect to precipitation, common knowledge is that climate in Atlantic Canada is getting wetter. However, there is a substantial variety in the tendencies over the areas. We use the following time series: rainfall, snowfall, and total precipitation, which is summation of the two. The data is taken from the second generation Adjusted Precipitation for Canada (APC2) dataset. This is the data extracted from National Climate Data Archive, and corrected to take into account equipment measurement errors, and aggregated over closely-related stations to receive longer time series. Data is monthly, constructed from daily values of rainfall, snowfall, and total precipitation in millimeters.
The data was taken from meteorological stations close to five hubs of our RTN. In this regard, we have individual station data for Fredericton, Saint John, Halifax, and Moncton. The data for the Northern New Brunswick and Miramichi is given by three stations located in Edmundson, Bathurst, and Miramichi. Number of observations varies from 1,080 for Edmundston to 1,692 for Halifax. Since there are some missing observations, time series approximation procedure was applied to fill the gaps. The following table summarizes our data: Since global sea level rise is projected to accelerate over the next century because of continued thermal expansion and melting of land ice, Atlantic Canada will be also a subject to the rising sea level. In this regard, several sources of the sea level data were analyzed. The data set provided by Canadian Hydrographic Service was chosen as the main source since it provided the most consistent data set. The monthly mean sea level data for three tide-gauge stations were obtained from the Atlantic Zone Monitoring Program (AZMP) websites. The stations were chosen in accordance with transportation hubs of our RTN. Sea level is measured by tide-gauges relatively to land. Stations at Halifax and Saint John hubs contain a long data set with 1,128 and 962 observations respectfully. Shediac station at Moncton hub is characterized by a lot of missing observations. Rimouski station was implemented only in 1984; it contains 349 observations. Since the missing observations are present in the data, some time series procedures to fill the gaps are required. The information about stations is summarized in the following table: Once consistent datasets are constructed, comprehensive time series analysis will be applied to capture dynamics of these climate variables similar to the temperature to impose that dynamics on previously developed CGEM.
IV. CONCLUSION
It is an established fact that regional transportation networks all over the world are vulnerable to the climate change impacts such as increasing temperatures, changing precipitation patterns and rising sea level. However, according to our literature review, there is no comprehensive model to trace economic consequences of these climate change impacts over time. This study is the first attempt to produce such a model. The model is based on dynamic general equilibrium framework associated with Atlantic Canada regional road transportation network that includes microeconomic and macroeconomic aspects. Climate change impacts in this framework are regarded as productivity shocks imposed on the regional transportation network. This approach allows us to trace economic consequences of the climate change impacts on regional transportation network as consequences of the productivity shocks imposed on a dynamic economic system. In this regard, basic principles of the model's architecture are presented; first version of the model is designed and tested. In parallel, dynamics of climate variables such as temperature, precipitations and sea level is being analyzed and some first results of this analysis are presented. In the future, dynamics of the climate variables will be imposed on the designed dynamic model of the regional transportation network.
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